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This invention relates to improvements in pa- 
per manufacture, and more particularly fo lami- 
nated or multilayer paper or board such as con- 
tainer board for making folding boxes and car- 
tons, etc. The invention includes an improved 
process of making, such paper or board and the 
improved product so produced. 
The present invention enables an improved 
coated paper to be produced on the paper mak: 
ing machine, with a pigmented coating applied 
as a part of the paper making operation. 
The manufacture of laminated or multi-layer 
paper or board is commonly carried out in cylin- 
der machines having a number of cylinder rats 
and cyinder molds, each separately supplied 
with the desired stock, and each forming a layer, 
with the layers combined to form the final sheet 
of rnulti-ply paper or ,board, the number of lay- 
ets depending upon the number of cylinder vats 
and molds in use. The outside layers of the 
composite or mlti-ply paper or board are formed 
from stock from the first and last rats and molds 
and are called liners; and the intermediate lay- 
ets are called fillers, and are commonly made of 
less expensive stock. 
In such cylinder machines the stocks are sup- 
plied from the stuff chests to regu]ating boxes 
and from the regulating boxes to the cylinder 
vats, each containing a cylinder having a cylin- 
drical screen on which a layer of partia!ly formed 
wet paper is produced, which is transferred fo a 
felt. The successive layers of partially formed 
wet paper from the cylinder mold form a com- 
posite or multi-ply series of layers, which are 
carried with the felt between rolls to squeeze out 
water and to compact the layers, aftr which the 
sheet passes through press rolls to drying cylln- 
ders and fo calenders where a size may be ap- 
plied. This method of forming laminated or 
multirayer paper or board, and one form of ap- 
paratus therefor, are described, for example, in 
vol. V of "The Manufacture of Pulp and Paper" 
(2nd Edn.) section 1, pages 251-264 (McGraw- 
Pifll Book Company). Such composite multi- 
layer paper or board can similarly be produced in 
multi-Fourdrinier and other machines. 
The improved process of the present invention 
can advantageously be carried out in such cyl- 
inder machines to give an improved coated board 
or sheet without subsequent coating of the fin- 
ished sheet or board in a coating machine. 
According to the present invention, the com- 
posite sheet or ,board is provided on one side or 
on both sides with a surface coating layer or liner 
in the form of a specially prepared plgment-flber 

layer or flbrous .pigment of highly pigmented, 
modified cellulosic flbers, or a layer containing 
such highly pigmented modified cellulosic flbers 
admixed with untreated flbers, which layer or 
5 liner, when sized, gives an improved coated board 
or sheet on a paper-making machine and with- 
out subsequent machine coating of the dried 
board or sheet. 
The present invention is based upon the dis- 
10 covery that a portion of the cellulosic flber stock 
(chemical, semi-chemical, or mechanical pulp) 
used in making paper, including cellulose flbers 
(chemical pulp) such as kraft, sulflte, soda pulp, 
etc., and particularly groundwood (llgno-cellu- 
15 lose) fibers (mechanical pulp), can be treated in 
the ïorm of a suspension in water or pulp with 
calcium chloride in the ïorm of a strong solu- 
tion to modify the cellulose or the ligno-cellu- 
lose and that the so modified cellulosic fl.bers can 
20 then be treated with a solution of a soluble salt 
such as sodium carbonate to precipitate an in- 
soluble pigment such as calcium carbonate with- 
in the modified fibers as well as on and around 
the modifled flbers; and that the resulting modi- 
25 fled and pigmented stock, containing the pig- 
mented modified flbers, is particularly valuable 
for forming the liner or surface layer of a com- 
posite multi-layer sheet or board, or for use in 
admixture with untreated flbers for forming such 
30 liner or surface layer. 
The cellulosic flbers which are treated to form 
the pigmented modifled cellulosic flbers include 
cellulose flbers such as chemical pulp (sulflte 
.pu]p, sulfate pulp, soda pulp, etc.) as well as 
35 semi-chemical pulp and groundwood fbers (me- 
chanical pulp), as well as mixtures of such flbers 
or pu]ps. 
The cellulosic fibers are advantageously treat- 
ed in the form of a relatively concentrated pulp 
40 or stock. Thus, stocks containing up to 4% or 
5% or more of flbers (dry basis) are advantage- 
ously treated, and the treatment is also appli- 
cable to much more concentrated stocks at a 
stock consistency as high as 13% or higher, 
45 where higher conoEentrations are available. 
The stock treated may be bleached or un- 
bleached stock and may be stock which has been 
beaten in a beater, particularly in the case of 
long flber chemical pulp or unbeaten disinte- 
50 grated stock. 
The treatment of the flbers in suspension in 
water is carried out vith the addition of calcium 
chlorkte in suiïlcient amount to give a felaçively 
strong calcium chloride Solution of sufficient 
55 strength to modify the cellulose or ligno-cellu- 



lose of the fibers. Solutions up to saturated 
solutions of calcium chloride can be used, e. g., 
solutions of arounl 15% to 20%, more or less of 
calcium chloride. 
When solid calcium chloride is added fo and 5 
dissolved in stock, containing e. g.up to 4 or 5 % 
of chemicl .pulP,' i t »brings about 
modification of the cellulose fibers af ter a few 
minutes, e. g., 5 to 10 minutes, with proper agita- 
tion. The fibers become more or less gelatinous 
and transparent in appearancè)"ItY bëth 0 
calcium chloride combines witl=he"ellut0S' t0 '/ 

2»59909  . 
ma; hot be necessary to remove the sodium chlo- 
ride, as most of the sodium ctdoride wfll be re- 
moved in the c;linder machine in the white 
water, and most of the remainder will be squeezed 
out by the pressure of the squeezing and press 
rolls. It..is some.ims adantagous, hov.eer, to 
remove the Sodifim I hloride Solution by wîshing 
the tre@tedstock, 0 fo rèroe the greater por- 
tion of the sodium chloride solution and replace 
it vith fresh water, particularly where the stock 
ïsi.ihïxëd Witlï.úiaréáted stock and the mixed 
stòck..is usedf6r f0ming the coating or liner 

form complex products, or it may :e£.he.,,çl.çi,um., . layCr.. The .washing f the treated stock can be 
chloride exerts a modifying or hydratin. effeot ,. caied outbY deárïtïon or by washing in pulp 
upon rie cellulose moleculês/" Wevêi.lé?ï: wa,r wïth(rleplaçment of rie sodium chlo- 
theoretical explanation of the acti0.D pf.thç cal- ride solution with fresh water, care being taken 

cium chloride on the cellulose may»bë, ' it 
about a profound change in the nature and p ..... 
pearance of the cellulose fibers. Simflarly,...when 
semi-chemical pulp or groundwood fibers are 20 
similarly..treated with calçium chl0ridethe action 
is t brïnbou,ï prof0und changein the nature" 
and-Pierancë bf-..the filérs. " 
ïèr it trëmént With .calcium chloride the 
stock,.'rèaièd wih.,a solution bi a. olbIe Salt 25 
sucl.a, s0di carb0nae .(SOda/h), or sodium 
borë,:ei gi ïhe)6rm. Of a. 10% .solution in 
sufficërt aïnount to react with the caldi .un  chlo-. 
ride and. precipitate an insoluble pigmert,è. g.,. 
calitïm  árb0ïaatèv6r càlcium b0ràt ,in and .on. 30 
thé/ïribifieffl:es.i The m0Unt Of added solu-. 
ble. 'i: i. ' ëqat'0!.or Somewhat more/or less, 
thiïttïè,àmb ,ur Which is suflicient ito react with 
allot:thëbàldii.ctiloride used. Vith cellulose 
fibèsle,.:am0unt.jo_solube salt is'/advanta- 35 
ge6usl= sHhtI]fi',ëxcess of tht" required 
react Vihll-b£ hé" calcium chloTide ;. but with 
groprïdo.6,I/:fiber- _càre Should izï.general be 
takén it6.avbld:aiiy, excess of the .alkali Salt which, 
woul dazkëh  6th'ewsé.affect tlie st0ck:, and 40 
withshdli'gtò']'théalci Chloride and Sodium 
car.0na ç.i uedln .exgict reactg r.oportions 
or '«ttH, ï-slglt:èxess .of calcium :hl0ride k.to 
av0id d,n.excssçfsodi Carbonae 
è/.tetgteaed d pigmëned, st0ckïs 
highlhra d/dhkS !ifie.strëgth;0r rela. 
tively.mch,"]ësseth, th thé: 
stok;bt cre.the precipitated pgment, dis 
tribUte..Withi ,êhYated.fibe .hfle ig. " 
meht is also prectpitated on the Yratedfiber s 50 
and , the- water n ,whch the .flbrs /are ,sus- 
pended., .......... - ......... 
 :.eca! treaed and moded ,and. 
mened- stock-is igiy.pgmçntçd-/,.An ot 
of Pigme qan.e-çombinçd wih the St0c which. 55 
is çoidblyçinexqes@ of 'the .weight_of 
stock tread (dry Oasis).  cellulose fibers 
can be modified and pigmend.to give..a pro-. 
arod- two 'onë"o more. Grodwood stoc k -0 
ca .pig.çè./o,:a 'ear eent, up to " 
aro. partç 0f'pigent to 1 of fibeç 
Oasis) or even hig... 
e resultg., gtoçk" contag the modified 
and pientèd ççs, with e pient precipir 
tated  and pn/nd, arnd the fiers,  used 
 he pro-ed pzoçes:of .he .present..ven 
tion,, eier alone . or , aed with., untreated.  , 

tht  the:water--lrawn off is clear or relatively 
cler 'ïvàter to avoid or minimize loss of finely 
sUSle.n, Çgd,._pigment during the washing opera- 
tion. 
The modified and pigmCnted stock, .before,.usa 
in ,the.last cy!inder_vat. f thè cYlinder maçtiine, 
may,. be .di]utd to  popçr_:consistency, 
ar6und 1% of cellulosic fibers (dry bas.is) 
soñàwhat less. This stock,: in addition to 
'content:of m0ified cel],u!se, ill c0ntain  hig,h. 
pecentage of precipiatepigTnent...Some.qf'the. 
pigment may escape ith thewhite waeF,.utan/ 
am0unt can be rtined inthe surface, layer 
.tht hs' layer mayconine] g.from 40i 
"6f pecipitaédcalcum«càrbonatè distribt 
and on and around the m.o_dified fibers. 
The modified and pigmented stock, without 
admixtre of untreïëdfibers can: advanage 
.ous]y..be used in forg thé coating ir,.liner 
'laye of the compqie.infilti-laye r pulp er 
This tréated and pigmentêd .,stoc k is highly-hy.-., 
drated, and thè liner laYer-f0rmed therefro 
little strength 0r  reiatiély nïuch-lesssrength 
,than.a layer formëd f0m "the untreated 
iu itneverthe]ess ornis a /aluab]e. coatin lFer 
or ]ineror multi-plyp.per Or board. - 
ThiS/modified nd-piginented 'stock can .alsq--. 
advantaeous]Ybe«adm.xed With untrea_ë.d = s0ck; 
andthe résultingmixed stock useçt in,makig, the 
oating or liner, layeç of the composite:m]ij 
laye:pulp -or b0ard ,Thus,;varyi,ng:azn0fint. 
untrëatedst0ck: paticular] ellul0sê ,fibërs SUCh 
as hetnical pulp, cn bé amiXed.with the:m0oEL 
fied azïd-pigmented St0cko form  cbain:ayer 
or lîtièr'f6r.mfllipl lape nd, bord-w-hictYwill 
have --incre.ed=!Strength "- ànd-Whïch: Will, I. 
heavily pigmented/ 
wtïere thë m6lifiëd  and pigmented stock 
thus admixed with.ineatëd t6k; arying- proL 
portions óf.the tre-téd:ïnd-urïtreätèd ,stck Carï 
be ued. F0r,making-.Coated, b0ard 
the papm; machin e, :thë;pr0p0rti0n f ,pignïçnt 
the ]iner or C0atïng :layërSh0uld,in = 
at ]èast 50%i : anddVàfltage6us»0nsile'rablY 
'above 50 % .- A.'.hgiïl pigrne/tèd/-cbate'd; 
can thi be prodïce'd;vhicI àfèrrizing;6r/ thë 
calender r0i]s; gfifë :a Coatëd ,ïori dil]y 
the pper machine.hichcàn, be reaiIy :peb 
If. !fs  sometïnies,deia]ò]e o f6r.m»fnfilti3l 
board'with lè, liflierit .bating è.-g. 
to 40% pigmeiitf--in=:thé . C0atng; Iyer. f0rm: 
a muliply alë r-bbard 

stock, in ïorrning he coaing or liner, layer, of" alsobè readilypriiedi 
the compositëmultilayer paper or b0ard. "  70 . li'i:highly pigrneniel coated board; iris" desiz- 
e stock, afr treatment with. the. soluble able-and àdVUs, 
sodi sat  wfll cona(ë. g. sodium chl0ride n are adx. it 
solution. When ths  mofied andï.pimen fo se0.arçltïye]Fal rop:oo..oz-. . 
stock is :ed WithoUt/ate- of ntread " treted stock, ë. g. 
stock=m mag the c6atihg :or lmmg layer:i .ceHoe:'stbc:br Other elml6sé tbck 



percentages of untreaed stock can be used, and 
even when 50% of ,the stock Is treated and pig- 
mented 'and 50 % is untreated, s coating layer or 
liner Can be formed which will contain consider- 
ably in excess of 50% of pigment (as determined 
by ash). as compared with the weight of flber 
(dry basis). Thus, where 50% of the stock in 
the form of groundwood is treated to ferre a 
modified pigmented stock containing 4 parts by 
weight of pigment fo 1 part by weight of .flbers 
(dry basis) and when this treated stock is ad- 
mixed with 50% of untreated cellulose stock, the 
weiglzt of the pigment in the resulting stock and 
in the coating layer or liner formed therefrom 
nay approximate twice the weight of the flbers 
(dry .basis). When 80% of the stock such as 
groundwood is treated and admixed with 20% of 
untreated long fiber chemical pulp, the pigment 
content of the coating layer or liner may be 
around 75 to S0% of the weight of the coating 
layer or liner. 
The process can be modifled by adding organic 
binders, such as starch or casein, etc., to the 
stock belote if is used on the cFlinder machine, 
e. g. an amount equaI to around 10%, more or 
less, based on the carbonate present. 
in the carrying out of the process on a multiple 
cylinder machine, the new stock is used in the 
lait cylinder var, which produces the outer layer 
or liner of the composite sheet or board. Vari- 
ous stock can be used in the other cylinder rats, 
such as are commonly used in making multiple 
layer sheets and board, such as less expensive 
stock ruade from waste paper or reclaimed kraft, 
etc., for the intermediate or flller layers. Ex- 
cept for the use of the new pigmented and modi- 
fled cellulosic stock for the outer layer or liner, 
the process can be carried out much the saine as 
that now used in making multi-layer sheets or 
board, and with use of varying numbers of cyl« 
inder rats and cylinder molds te form composite 
sheets of from two fo six or more layers, and 
with the outer layer or liner formed from the 
specially prepared and pigmented stock. 
if is one advantage of the present invention 
that a particularly high proportion of pigment 
can be incorporated in .the stock used for the 
outer layer or liner and that the proportion of 
cellulosic fibers can be relatively small. A single 
sheet of paper ruade from such stock would have 
little strength, but when used as an outer layer 
or liner fer a multi-layer sheet or board, suf- 
flcient strength can be giron .by .the other layers 
while the outer layer or liner is a highly pig- 
mented layer which gives an improved pigmented 
flnish fo the sheet or board. 
When the specially treated stock is formed into 
a sheet on the screen of the cylinder mold, the 
pigment .tends fo concentrate on the screen side 
of the layer, giving a smoother and more flnished 
appearance fo the sheet than would the outer 
surface of the layer. The outer surface with a 
more flbrous appearance is the surface picked up 
by the felt so that the pigmented surface formed 
on the screen is the outer surface of the com- 
posite sheet or board. 
Wih highly pigmented stock containing a 
higher proportion of pigment than of fiber, and 
particularly dth two or three or four rimes as 
much pigment as flber, the dried composite sheet 
may contain so much pigment that it will tend fo 
tub off unless protected. But by applying size to 
this surface of the sheet in the calenders, the 
size will hold the excess pigment and give a 
highly pigmented and sized surface with t uni- 

form coating that completely covers all flbers 
and gives a pigment face with a high proportion 
of flnely divided calcium carbonate pigment. 
Finished sheets or boards can thus be-pro- 
5 duced with a white surface which can be printed, 
lacquered, etc. 
The danger of removal of the sta'face pigment 
by dusting can also be reduced by adding binders 
to the. stock before if is applied fo form the sur- 
10 face layer or liner; and a further improved result 
can be o.btained by sizfl]g the sheet in the cal- 
enders in accordance with the common practice 
of applying sizing to sheets during the calender- 
ing operation. 
15 Where the treated and pigmented stock is ad- 
mixed with untreated stock, the untreated stock 
may be stock which is prepared e. g. in a beater 
in the ordinary way and which may be sized and 
prepared for use before the treated sock is added. 
20 The stocks are thoroughly admixed tegether be- 
fore the composite stock goes fo the cylinder var, 
and the mixing is advantageously carried out at 
a point close fo the cylinder var. 
Rosin soap and alum ,are commonly added fo 
25 the untreated stock for sizing. Where untreated 
stock is admixed with the treatod and pigmented 
stock, if the stocks after admixture are not suffi- 
ciently acid, a further .amount of alum is advan- 
tageously added at the rime of mixing or before 
30 the admixed stocks go to the cylinder var or is 
added fo the cylinder var. The untreated sock 
may thus be ordlnary stock which is prepared in 
the beater and which may be sized and prepared 
before the specially treated and pigmented stock 
35 is admixed therewith fo form the composite pig- 
mented stock for use in making the coating layer 
or liner oÏ the multi-ply paper or board. 
Where admixed untreated stock and treated 
pigmented sock are used, the portion of stock 
40 treated may be either cellulose stock (chemical 
pulp) or semi-chemical pulp or groundwood stock. 
in many cases if is more advantageous fo treat 
groundwood stock because of the increased 
amount of pigment which can be incorporated in 
45 it and retained by it, care being taken as above 
explained to avoid excess of alkali in the treat- 
ment which would tend te darken or otherwise 
affect the groundwood stock treated. When un- 
treated stock is admixed with the treated stock, 
50 the untxeated stock is advantageously cellulose 
stock such as chemical pulp, and particularly long 
flber chemical pulp which will give increased 
strength to the coating layer or llner. 
The invention will be further illustrated by the 
55 following speciflc examples: 
EoeampZe /.--Sulfate kraft pulp from long-ff- 
bered wood is prepared in a beater with a con- 
tent of around 4 te.5% of flbers (dry basis). The 
stock so prepared is placed in a separ.ate tank 
60 provided with agitators, and solid calcinm chlo- 
ride is added in amount sufiïcient te form a solu- 
tion containing about 20% of calcium chloride. 
The sock is stirred fo insure thorough distribu- 
tion of the calcium chloride and te permit its ac- 
65 tion on the flbers, and this is continued for a pe- 
riod of 5 fo l0 minutes, but may be continued for 
a longer period. After the calcium chloride has 
exerted ifs modifying action on the cellulose fl- 
bers, there is added a sufficient amount of 10% 
70 sodium .carbonate (soda ash) solution fo react 
with the calcium chloride. This reaction takes 
place in a period of about 5 to 10 minutes with 
continued agitation, but the action can be per- 
mitted to-take place for a longer rime. if the 
75 sodium chloride is fo -be removed more .or less 
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c0mpletêl fr0m-h'e;stoo]'i is:ashëd«or de., tlïeretat,size, r. alu an@sarch. ...he 
candç:h the.,.addiion,of reshar:.r.e«» porio«of 25.;par. .o£.Cc; 2.5: par  of rosin 
place hesalù seluim.:. (ros.soap) 3.5 çars o-high ,free rosi: size 
.Befoe.use.in-thè linr.achine heoek (rosin.soapconàing about46%.reeroein) 
is dilted o prope.consisency;-e,g.; ounoEoE% 5 :.r.S:ofalum:and .6 pars of Sarch for 240 
of modified cellulose or a somewhaoert r«' of...ed sock (y;basis). Th reaedsock 
cenage, and is. hensupplied, hs ehës is .passed-. from-he, beaer hrough the Jotda  
reg-utaing -box and eylier ;a:orusein:mak through ..the mache ches and.-head box .in he 
ing heouer layer orliner of he,compsi:shée screens. 0 the. sluice leadg fo he cylder-va, 
or ;.board... e .multiclie machine m.a be;10, and, the. reaed.-sck .is admixed--with the -.un. 
oheise operated in .he-uaI ay».tOform;,he» reaoedst in.he.sluie,hemixed sksbeg 
mulilayer.., shee. or, board; which. is psad: hen ppedto he-clinde va.. 
tough.the-.squeeze and:_pesseroltsand.e .-propor.ionsof:stegadmoeed:are .5% oï 
the yers and calenders, be given.a-,sing h:s0c(dry .bas).-which has..been'"speciall  
reafmen:by appling,  sach.;soion»o a:,a  l.,rëaed . mof. and :pigmen it, "and,:25% '-of 
preef- sizè:en he-.-calèndës. he un'eaed-sock fnh um is -added. 
EZ«»II2400'tpar of »goundpup o keep,-he sock- in he .cylin'der .vaacid »and-a .a 
2.5%'» fibr. conten quivalen .60;,'par.of»d pf.around6,0 o6.2,. 
fibrS are .pumd-.:0, a trin an«.and4& é'.xed.sock fromhe-clinder.,va is ed 
r. of calci chloride.-,ï4CaCl-) arè.added 20::o:.:form ,he- ouer layer: or liner, of a mulipl 
and--xed houghly. and, diSsoledand--thê.agi :« paper shee or board in a regular mulicylder 
taionis coninued.for:abou0 minus., 'eff machine, and .he resing, composie:paper or 
thorough reamenand etlingof he,sckbhe  board is psed-from he: cylinder vas. hrough 
,action o-alci cori A.ooEarbo he:usual eqpmenincludg-calenderrolls.. 
soluion.:is me. by ssoivg300:fod.2$.*ç The. porous and. absorpive nature, of he ouer 
ash..in:wae.  form»a luion .ot«ab0ut::10-%;  layer or lher makes i desirable o ,e a size in 
This:selUion.is:pped,inohe,.catcium-chIode sg...he board which.is:a non-penerag.se 
tread soek-and.alloWed.:0 ixherewih,  such: as a- low viscosiy,, high: solidS starch .s 
conmued;agiçionç.unil.complee-.peoipiti0n-- conaing addition, agents -which « give a- non- 
bas occred.. Thë' resulthg'«ratedscihe«a0:peneaing size.. 
form..:ef :afibousprecipit ispumdte stoage« EgI.I.F.The. same-reaed:and unreaed 
asand-.alloed,-to ,sele .wihut:agiai0n, -- stoCks.are .used. as  Example,III,ïbu.thé pro- 
te-, seling hè-top tiquor.-..(.siUm chIoride.. potionsof treaed and unreaoed scks .are he 
solutions) .is awnoff:and:replaced.wihf-rêsh- same,-.thaç.is,50% of-he fibers aremoded and 
waen o-give a reaed-;stoehich-af dfl--5;P igmened fibers and. 50% are reular, unread 
ion/o properconsisenc» isused n thecyHder -» fibers.-. The procede is oherwise he saine. 
machine .for foing-h ue layer or-:linr: f :: ha'. of .he. precedg example.  hough. only 
he..,composie ,ee,or.-:b0ard :as-describd « in hall :of .the sckused :in-foing .hé ouer layer 
EampleI.: o liner .is-modfied and pigmened :stock, a hfgh 
Examples I :and:II:descrlbth e-of:thè¢4gtpropo rion, of pimen  included  he com- 
ded..andpigmenedckwithoumiçure',. posi.e..stock.,, amouning-.toconsiderably- more 
of_untred;seck.fomakigë coatingiayer - han50% of he weigh of he;ler layer; white 
or Hnërof the mulplypaper or,b0ard«:   he mti-ply .paper orboard :ef--Example IH 
The:folew.g.exampleSdecribëtheuse , of -ad -:« a much higher-proporon of pigmen is cona-ed... 
xed ; rea.andpigmed çsok.with »-  .45 in.;he :ouer .layer or -ler of he ,composi shee 
reated stock.   or. board.: 
EZg llI.Thèstok..-a Pote ' EgçI.-V.--Insead of. usg. treaed sck. 
wh:4s: untreatedand-' ,portiënçof :wbiçh»tsï which..is a cellulose ,stoclt»-or largely a cellulose 
reated; ..ma,eçif:85gçartsef .unbteae»long: sck,,-in .Examples IH: and,I,.-grodwood. 
ber- fitet pulpç:35g.par of -flYttshavgs; 50.canbe» reated o modif and-  pigment- i,  
310.pars:of :hardwhite, stoak. (long ëP bhé&.: ample..II, and he resulg, modified-and pig- 
s,fite), and l,000t:pars.:fdékçsg:(/ mented.groundwood-stock:is admixed.wih un- 
bas). This socl¢--fuB.i-prparedina-bea rad-.cellulose sock.and heresul.ing'mixe 
the .regar .manner, a,6 Wconstency; - used-::form he ouïr layer or ler of. he-coin-. 
A portion of h steck:-fnsh::.o:tg -55.-posie paper or board, according o the-procedure 
3,000. pounds of .mix-«sc k., :a- .6%".çonstçncy . followed in Examples  or IV 
(130.-pounds..of fiber,:-dry-bas): -is plaoed_'a  While'.the foregoing examples-illusre-.par- 
washer.  .which 'i ,--kep,p:circutaon nd'ç  icularmhods of reamen.and. paricular-pro. 
somwhat dluted .o pe.it :goodCçn. T0 .... potion of aed reaed.and, pigmented -sock - 
this., duted -stock- .is added- 100 ï pou f % -and.:6ntreated sock/.and, thë use,of treaed ock- 
calcïum:  chloride .(750 pOds»'ChYwhich is:  aloneï«or-..îorming he outer-layer .or ler of he 
dissoted:and..all5wed o ?rea for'-15::mutesï miply4Japer or board, ,i will be evident, ha 
wi coned ,eirculaièn - ïg0  ponds-çf-;Sod variaions-can be made-in ,he - amount- of.-pig- 
ash ls dissloved, inwater:-o:orm-a ,10' solu « men.ncorpoaed -in the treated and-.pigmented 
ion, and.afar-.te-reaeie of hècaiçium.'çt 5 :sck: and also in .he propertions ;of-piented  
ride-on,he stok.isçemplee,çesoda ash solu « .. sck and unreated stock, where, such-mes 
ion-is pumped«--wih«,ConinBed :circul-at.';çf :ç are used..  Thus« he ourlayer or --liner may. 
he stock-and predpitàtien-»of--ealcium:carbona' be madecnirely-of he .reaed,-.and-pigmeed 
all0wed. o. -ake»placeï.hig - caronatebêgpre" stock,-s:-illustra.ted -in Examls Ï- andH, and 
cipitadwi, as well on and: round'.ïHe '70 e.:,propoion of pigmen--fiber (dry-bis) 
fibers:. térhe':prciptaçie,is compleoeoE' he; "' '.théttr-ed, -sh -may be considarably.  
steck., washad :drawi off-çtho':cha  - cess of.50 %- nd' may .amount  as much. as 4. 
ride soluio and.eplacing,i-ith.'fsh wat:-çç imes he:eigh-,of the'fiber or more:. 
A-separe:.:porteof the saine, sek f-h »» ere hiahly- pimented :.moe; ;fibrs_.are. 
afçeeaand«of._«6%¢onuæ,h.adde«.7-ed wih unreaedfibers;theproportionOf 
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untreatcd 12bers is for .mahy purposes advanta- 
geously only a small percentage of the total 12bers, 
e. g.,. 10% of long 12ber chemical pulp admixed 
with 90% of pigmented cellulose pulp or ground- 
wood sck; or the propo.rti0n of untreated stock 
mat be higher, e. g. 20% .or 25% or more of the 
total o r in some cases as much as 50%, as illus- 
trated in Example TV. 
Tt is one advantage of the process of the pres- 
ent invention that it can be carried 0ut.at room 
temper.ature throughout and with the.use of ex- 
isting equipment in a multi-cylinder machine, al- 
though the tank or apparatus where the calcium 
chloride is added should be constructed of ma- 
terial Which is hot corroded by the calcium chlo- 
ride solution. 
Tt iS another advantage of.the invention that 
it enables a 12nished carbonate-coated sheet tobe 
produced directly on the. paper making machine 
without subsequent treatment of the sheet or 
board by subsequent machine coating. 
While the invention has been described more 
particulariy in connection with the use of a multi- 
cylinder machine, the process can be carried out 
in a multi-Fourdrinier machine-or in other ma- 
chines for making laminated ormulti-ply paper 
where separate wet layers are formed and joined 
together fo make the composite sheet or board. 
The present invention enables a uniformly 
coated sheet tobe cheaply produced with the coat- 
ing formed as a part of the paper making opera- 
tion and without subsequent coating. 
The number of plies or layers of the multi-ply 
sheet or board can be varied. For example, in 
maki.g a sheet or board weighing about 50 
pounds per thousand square feet, 5 layers or plies 
may be used, with the outer pigmented layer or 
liner forming about 10 pounds of the total weight 
per thousand square feet, or somewhat more or 
less, and with the pigmented outer layer varying 
in calcium carbonate content from an amount 
equal fo or somewhat less than the fiber content 
of this layer up to an amount 2 or 3 or 4 rimes 
as large as the fiber content or even higher. The 
finihed board, weighing around 50 pounds per 
thousand square feet, may thus contain from 5 
fo I0 pounds of the coating layer per thousand 
square feet, with the highly pigmented white 
surface coating finally sized fo give a white fin- 
ished surface which can be printed, lacquered or 
oherwise finished when the board is used in 
making boxes, cartons, etc. 
The new composite sheet or board is character- 
ized an d distinguished by ifs outer layer or liner 
of highly pigmented, modified cellulosic fibers 
conaining pigment both in and on and around 
the fibers. Even with a large excess of calcium 
carbonate pigment in the surface layer or liner, 
the application of non-penetrating starch size in 
the calender will hold any otherwise loose par- 
ticles of pigment firmly bound in the surface layer 
or liner. 
Even where highly pigmented coated sheets or 
board are hot desired, but a filled surface board 
of lower pigment content, such board can readily 
be produced by the use of admixed modified pig- 
mented stock with untreated stock to give a sur- 
face layer or liner containing e. g. around 30 to 
40% of pigment. Such a composite sheet, after 
sizing, gives directly on the paper machine a 
filled sheet which can be printed, etc. 
With higher amounts of pigment, a coated 
sheet can be directly produced on the paper ma- 
chine, so that it will have a hard surface which 

 ' 10 
can be printed, etc., without subsequent coating 
treatment. 
It will thus be seen that the present inven- 
tion provides an improved process for maMng 
5multiple layer sheets of paper and board and 
" gives a resulting product which is an improved 
sheet or board characterized by ifs distinctive 
outer surface layer or liner of highly pigmented 
modified cellulosic fibers, or containing such 
10 modified fibers admixed with untreated fibers, 
and with the modified fibers containing the pig- 
ment both in and on and around the fibers. 
It will further be seen that when a mixture of 
highly, pigmented modified stock and untreated 
15 stock is used, a liner layer or coating is produced 
of increased strength and which will contain the 
untreated fibers together with the modi12ed and 
pigmented fibers intimately admixed and com- 
bined therewith in. the outer surface layer or 
20 liner. 
T claim: 
1. The method of making multiple layer Paper 
sheets and board whichcomprises subjecting an 
aqueous suspension of cellulosic 12bers, at ordi- 
 25 nary temperatures, to the ction of a strong solu- 
tion of calcium chloride until the calcium chlo- 
ride brings about a gelatinization of the cellu- 
losic 12bers, adding a soluble salt which will react 
with the calcium chloride to precipitate a calcium 
30 compound pigment in and on the gelatinized 12- 
bers, the amount of calcium chloride in the solu- 
tion being sufficient that the amount of precipi- 
tated calcium compound remainlng In and on 
the 12bers is in excess of the weight of the 12bers, 
35 and applying the resulting stock to form the 
outer layer or liner in making a multiple layer 
sheet or board. 
2. The method of making multiple layer paper 
sheets and board as set forth in claim 1 in which 
40 the cellulosic 12bers treated are groundwood 12bers. 
3. The method of making multiple layer paper 
sheets and board as set forth in claire 1 in which 
the cellulosic 12bers treated are chemically- 
treated 12bers. 
45 4. The method of making multiple layer paper 
sheets and board as set forth in claim 1 in which 
sodium carbonate is added fo react with the cal- 
cium chloride to form a calcium carbonate pig- 
ment in and on the gelatinized 12bers. 
50 5. The method of making multiple layer paper 
sheets and board with a highly pigmented outer 
surface layer or coating which comprises apply- 
ing, in making the outer layer or liner of the mul- 
tiple layer sheet or board, a pulp of highly pig- 
55 mented and gelatinized cetlulosic 12bers contain- 
ing an amount of 12nely-divided precipitated cal- 
cium compound pigment in excess of the dry 
weight of the 12bers, said pigmented 12bers being 
produced from swollen, hydrated and gelatinized 
6O cellulosic 12bers containing a soluble salt largely 
within the 12bers by reaction of another soluble 
salt therewith fo precipitate the calcium com- 
pound pigment largely within the 12bers as well 
as on said 12bers. 
6 6. The method according to claire 5 in which 
the highty pigmented and gelatinized cellulosic 
12bers are groundwood and carry an amount of 
pigment more than twice the dry weight of the 
12bers. 
70 7. The method according fo claire 5 in whlch 
the highly pigmented and gelatinized cellulosic 
12bers are chemically-treated 12bers and carry an 
amount of pigment more than twice the dry 
weight of the 12bers. 
75 8. A composite multi-layer sheet of paper hav- 



¢:ing: an-:outer:,orçsûrfaceïcoaiugaerformed» of 
highly pigmented .and gelatinized celluiosidbers -Nber 
«contang =aoE amont o y«ide drecipi- -: 
" açed calci componnoE gnç ixce ,offiCe 5798 
»dçeighk: o f =-he :fibersfnsid getatedd:. 
=.pinted flbersu-habeemocedç:m 
,swn, hydratandetizecellulosi«bers . 1,42712 
,conçang a. solublexaIt ,targel wtbers 2,080,437 
by reaction .o anohe.solubla.salhereith 
.-form. the-precipiçaedclci'oempod-pig:10 2»3'15,892 
men largely, ithin':çhe.bersas:ell:.as»on:the :-c 2398»20 
fibers. . 257797 
 9: milayer:sheebof¢:-pperï:aS deed in 
 clé 8 in«:Wlch.thè ;ighly pigmën d d la - 
: tiZeoE bers :car -a:amoç o::cprecipid .15 »Nber 
.:clcium crbona amoting  «morè tçice 141,274 
c the:dwigh 0f:thCbers 404 
10: A i«lye.sheet-:of paper- asgeèd.  251 
. çclim 8 .ieh:thëhlpigmend 
tined ce11osic fibers are admed wiçh a sklle:f20 
amont of pigmented fibers in the:aelyer. 
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